The necessary and sufficient condition for dynamical stability is worked out for the sequences of relativistic star models corresponding to the well defined and causal values of adiabatic sound speed, (dP/dE) 0 = v 0 , at the centre. On the basis of these conditions, we show that the mass-radius (M − R) relation corresponding to the MIT bag models of strange quark matter (SQM) and the models obtained by Day et al (1998) do not provide the necessary and sufficient condition for dynamical stability for the equilibrium configurations, since such configurations can not even fulfill the necessary condition of hydrostatic equilibrium provided by the exterior Schwarzschild solution. These findings will remain unaltered and can be extended to any other sequence of pure SQM. This study explicitly show that although the strange quark matter might exist in the state of zero pressure and temperature, but the models of pure strange quark 'stars' can not exist in the state of hydrostatic equilibrium on the basis of General Relativity Theory. This study can affect the results which are claiming that various objects like -RX J1856.5-3754, SAX J1808.4-3658, 4U 1728-34, PSR 0943+10 etc. might be strange stars.
INTRODUCTION
A lot of astrophysical interest has emerged in the strange star models of SQM following the X-ray observations of compact sources like RX J1856.5-3754, SAX J1808.4-3658, 4U 1728-34 and PSR 0943+10 etc. by the satellite Chandra and XMM-Newton. In particular, the strange star models of Day et al (1998) have been presented as the most successful description of these sources (Drake et al 2002; Li et al 1999a; Li et al 1999b; Xu 2002) . Some authors, however, have shown that the MIT bag models of SQM can also explain the small value of the radiation radius, R∞, ranging from 3.8 -8.2 km (Drake et al 2002) for a mass of about 1M⊙ corresponding to the compact star RX J1856.5-3754 (Kohri et al 2003;  but for an alternative model, see, e.g. Walter & Lattimer 2002) .
Although the possibility of the existence of hypothetical self-bound SQM stars dates back to eighties (Witten 1984; Fahri & Jaffe 1984; Haensel et al 1986; Alcock et al 1986 etc.) , but the possibility of the existence of such stars made of pure SQM (i.e. corresponding to a single equation of state (EOS) of self-bound matter) in the state of hydrostatic equilibrium have never been questioned. Recently, Negi & Durgapal (2001) have obtained a 'compatibility criterion' for ascertaining the state of hydrostatic equilibrium in static ⋆ E-mail: negi@aries.ernet.in; psnegi nainital@yahoo.com spherical structures. This criterion states that "for each and every assigned value of σ[≡ (P0/E0) ≡ the ratio of central pressure to central energy-density], the compactness ratio u(≡ M/R) of the entire configuration should not exceed the compactness ratio, u h , of the corresponding homogeneous density sphere (that is, u ≤ u h )". On the basis of this criterion, they have demonstrated that the 'regular' configurations corresponding to a single EOS or density variation do not exist in the state of hydrostatic equilibrium. As an example, they have shown this inconsistency, particularly for the stiffest EOS of self-bound matter, P = (E − Es) (where P is the pressure, E is the energy-density and Es represents the surface density at zero pressure; we consider G = c = 1 (i.e., the geometrized units)). The reason for this inconsistency is explained by Negi (2004a; . From this explanation, one can easily extract the following statement that 'regular' configurations corresponding to a single EOS or density variation can not exist in the state of hydrostatic equilibrium. Even more recently, the 'compatibility criterion' is established as Theorem 1 and the dependency of necessary and sufficient condition for dynamical stability provided by the mass-radius (M − R) relation on this theorem is obtained as Theorem 2 (and its subsequent corollaries) in Negi (2007; 2008) .
The present study deals with the construction of such theorems for different values of the parameter a in the range 0.301 ≤ a ≤ 0.463 corresponding to the EOS P = a(E −Es). This range can cover the MIT bag models of SQM (called the SQM0, SQM1 and SQM2 in the literature; see, e.g. Haensel et al 2006, and references therein) and the models of Day et al (1998) (called SS1 and SS2) mentioned above. While the MIT bag models, we consider in the present study, provide the masses of strange stars as large as those 'observed' for any neutron star, the sequences of Day et al (1998) can produce the most compact configurations of strange stars among various models of SQM available in the literature. These sequences are, therefore, widely used in the literature to explain: the relatively smaller values of the stellar radius 'observed' for the sources like RX J1856.5-3754 (Drake et al 2002), SAX J1808.4-3658 (Li et al 1999a) and the kHz quasi-periodic oscillations (QPOs) observed among various low-mass X-ray binaries (LMXBs) (see, e.g., Li et al 1999b; Zdunik 2000 ; and references therein).
THE NECESSARY AND SUFFICIENT CONDITION FOR DYNAMICAL STABILITY FOR STRANGE QUARK STAR MODELS
The absolute upper bound on compactness ratio for any dynamically stable regular configuration may be obtained by using the 'compressible' sphere of homogeneous energydensity (Negi 2004b) , since the following relation holds good for a constant Γ1
Obviously, the adiabatic speed of sound, (dP/dE) ≡ v, will become finite inside such configuration for a finite (constant) value of Γ1. In order to have a desired value of (dP/dE) at the centre of 'compressible' homogeneous density sphere, one can work out a particular value of u and the corresponding (critical) value of constant Γ1 for which the configuration remains pulsationally stable. This particular value of u represents an absolute upper bound, u max,abs , consistent with that of the condition v 2 ≤ (dP/dE) and dynamical stability, since it follows from the 'compatibility criterion' (Theorem 1 of Negi 2007; and references therein) that corresponding to this particular u value (= u max,abs ), any regular configuration can not have a value of the ratio of central pressure to central energy-density, P0/E0 (or, equivalently, a central value of the 'local' adiabatic index (Γ1)0(≡ [(P0 + E0)/P0](dP/dE)0) less than (greater than) that of the homogeneous density sphere. Notice that this result may be generalized for a number of relativistic star sequences provided that every member of that particular sequence satisfies the condition (dP/dE)0 ≡ v 2 0 = a (say) (here and elsewhere in this paper, the subscript "0" refers the value of the corresponding quantity at the centre). It follows from the previous studies (Negi 2007; 2004b) that in order to assure the necessary and sufficient condition of dynamical stability for a mass, the maximum stable value of u(= umax)(corresponding to the first maximum along masses in the stable branch of mass-radius (M −R) relation) and the corresponding central value of the 'local' adiabatic index (Γ1)0 of the said sequence must satisfy the inequali- Table 1 . The absolute maximum stable values of compactness ratio (u max,abs ≡ M/R) and the corresponding central value of the 'local' adiabatic index (Γ 1 ) 0,max,abs for the equilibrium sequences satisfying the condition dP/dE = a ≡ v 2 at the centre of the configuration as shown in column 5. These values of the parameter a which are appearing in the EOS, P = a(E − Es), correspond to the models of strange quark stars shown in column 1. A comparison of the pair of these absolute values with those of the pair of corresponding values obtained for the models of pure strange quark matter (Tables 3 -7) clearly shows that the mass-radius diagram corresponding to any sequences of the strange quark stars (shown in Fig.1 ) does not provide a necessary and sufficient condition for dynamical stability for the equilibrium configurations.
Model
u max,abs (Γ 1 ) 0,max,abs ties umax ≤ u max,abs and (Γ1)0 ≤ (Γ1) 0,max,abs (≡(critical) constant Γ1) simultaneously. Following the previous study (Negi 2004b) , we obtain various u and the (critical) constant Γ1 values for dynamically stable configuration corresponding to various values of (dP/dE)0(≡ v 2 0 = a) at the centre of 'compressible' homogeneous density sphere as shown in Table 1 . Since these results are also applicable to the sequences of strange quark stars characterized by the pure EOS P = a(E − Es), their applicability (according to various values of the parameter a appearing in this EOS as shown in column 5) is indicated in column 1 of Table 1 . In view of the discussion of last paragraph, the various u and the (critical) constant Γ1 values are indicated here as u max,abs and (Γ1) 0,max,abs respectively.
COMPATIBILITY CRITERION AND THE SEQUENCES OF STRANGE QUARK STARS
The metric for spherically symmetric and static configurations can be written in the following form (remembering that we are using geometrized units, i.e. G = c = 1; where G and c represent respectively, the universal constant of gravitation and the speed of light in vacuum)
where ν and λ are functions of r alone. The OppenheimerVolkoff (O-V) equations (Oppenheimer & Volkoff 1939) , resulting from Einstein's field equations, for systems with isotropic pressure P and energy-density E can be written as
where m(r) = r 0 4πEr 2 dr is the mass, contained within the radius r, and the prime denotes radial derivative.
In order to solve equations (2) - (4), we rewrite the linear EOS mentioned in the last section Figure 1 . The mass-radius diagram for the models corresponding to the pure EOS, P = a(E − Es), for the well defined value of the parameters a and Es shown in Table 2 . The labels 'a' -'e' (from right to left) represent the models SQM2, SQM0, SQM1, SS1 and SS2 respectively. The models do not fulfill the 'compatibility criterion' as shown in Tables 3 -7 . Also, the mass-radius diagram does not provide the necessary and sufficient condition for dynamical stability for any of the sequence because the inequalities, umax ≤ u max,abs and (Γ 1 ) 0 ≤ (Γ 1 ) 0,max,abs , are not fulfilled simultaneously at the maximum value of mass for any of the sequence as shown in Tables 3 -7 .
Since, the various SQM models considered in the present study (corresponding to different values of the parameters a and Es shown in Table 2 ) are very precisely approximated by this EOS (Zdunik 2000; Gondek-Rosińska et al 2000) . Moreover, this form also turns out to be exact for massless quarks (free or interacting) corresponding to a value of a = 1/3. The first three pairs of the parameters a and Es shown in Table 2 represent the MIT bag models of SQM corresponding to: the mass of a strange quark ms = 200 MeV, a value of QCD coupling constant αc = 0.2 and a bag constant B = 56MeVfm −3 (indicated as SQM1 in Table 2 ); ms = 100 MeV, αc = 0.6 and B = 40MeVfm −3 (indicated as SQM2 in Table 2 ) ; ms = 0, αc = 0 and B = 60MeVfm −3 (indicated as SQM0 in Table 2 ). The last two entries (indicated as SS2 and SS1 in Table 2 ), however, represent the SQM models of Day et al (1998) corresponding to density dependent quark masses and a color dependent vector interquark potential.
Equation (5) is solved together with the coupled equations (2) -(4) for five pairs of the parameters a and Es (shown in Table 2 ) until the pressure vanishes at the surface of the configuration.
At the surface, r = R, we obtain and
The results of the calculations are shown in Table 3 -7 and the M − R diagram is presented in Fig.1 . It follows from Table 3 that along the stable branch of the SQM0 sequence, the maximum value of mass (Mmax ≃ 1.9654M⊙) corresponds to the maximum 'stable' value of umax ≃ 0.2707 and the corresponding 'local' value of (Γ1)0 ≃ 1.5974. Although, this value of (Γ1)0 turns out to be consistent with that of the absolute upper bound on (Γ1)0((Γ1) 0,max,abs ≃ 1.7766), the maximum 'stable' value of umax ≃ 0.2707 is found to be inconsistent with that of the absolute upper bound on umax(u max,abs ≃ 0.2356). Thus the configuration turns out to be inconsistent with that of the findings of the last section.
It is seen from Table 4 (which presents the results for SQM1 sequence) that along the stable branch of the sequence, the maximum value of mass (Mmax ≃ 1.7996M⊙) corresponds to the maximum 'stable' value of umax ≃ 0.2608 and the corresponding 'local' value of (Γ1)0 ≃ 1.5531. The pair of these values, however, show inconsistency with that of the pair of absolute upper bounds u max,abs (≃ 0.2244) and (Γ1) 0,max,abs (≃ 1.7346). It follows, therefore, that the M −R relation corresponding to the SQM1 EOS does not provide a necessary and sufficient condition for dynamical stability for the equilibrium configurations.
The results of the calculations for SQM2 sequence is presented in Table 5 . It follows from this table that along the stable branch of the sequence, the maximum value of mass (Mmax ≃ 2.2859M⊙) corresponds to the maximum 'stable' value of umax ≃ 0.2684 and the corresponding 'local' value of (Γ1)0 ≃ 1.5798. The pair of these values is also found to be inconsistent with that of the pair of absolute upper bounds u max,abs (≃ 0.2325) and (Γ1) 0,max,abs (≃ 1.7645) obtained for the SQM2 sequence in the last section. It follows, therefore, that the M − R relation corresponding to the SQM2 EOS does not provide a necessary and sufficient condition for dynamical stability for the equilibrium configurations.
The maximum value of mass (Mmax ≃ 1.4358M⊙) models yields the maximum value of u(umax) ≃ 0.2999 and the corresponding value of (Γ1)0 ≃ 1.7793 as shown in Table 6. The pair of these values, however, also show inconsistency with that of the pair of absolute upper bounds, u max,abs (≃ 0.2707) and (Γ1) 0,max,abs (≃ 1.9424). It follows from this result that the necessary and sufficient condition for dynamical stability (provided by the M − R relation) remains unsatisfied even for the SS1 models.
Finally, it follows from Table 7 that along the stable branch of the sequence in the mass-radius relation for the SS2 sequence, the maximum value of mass , Mmax ≃ 1.3241M⊙, corresponds to the maximum 'stable' value of umax ≃ 0.2980 and the corresponding value of (Γ1)0 ≃ 1.7738. The pair of these values is also found to be inconsistent with that of the pair of absolute upper bounds u max,abs (≃ 0.2689) and (Γ1) 0,max,abs (≃ 1.9323) obtained for the SS2 sequence in the last section. It follows, therefore, that the M − R relation corresponding to the SS2 EOS does not provide a necessary and sufficient condition for dynamical stability for the equilibrium configurations.
It follows from the above findings that none of the M −R relation corresponding to the SQM sequences considered in the present study (SQM0, SQM1, SQM2, SS1 and SS2) provide the necessary and sufficient condition for dynamical stability for the equilibrium configurations. As the total mass 'M ' that appears in the exterior Schwarzschild solution (equations 6 -7) does not fulfill the definition of the 'actual mass' that should be present in the exterior Schwarzschild solution (Negi 2004a; , the equilibrium sequences corresponding to SQM0, SQM1, SQM2, SS1 and SS2 EOS do not, therefore, even fulfill the necessary condition of hydrostatic equilibrium (Negi 2007) , as a result the 'compatibility criterion' can not be satisfied by such configurations. This is also evident from the comparison of column 2 and 6 of Tables 3 -7 that for each assigned value of (P0/E0), u > u h .
RESULTS AND CONCLUSIONS
We have obtained the necessary and sufficient condition for dynamical stability applicable to the MIT bag models of strange quark matter as well the models of Day et al (1998) . Our investigation show that the mass-radius relation corresponding to the MIT bag models of strange quark matter (called SQM0, SQM1 and SQM2 in the literature) and those of the models of Day et al (1998) (called SS1 and SS2) do not provide the necessary and sufficient condition for dynamical stability because at the maximum value of mass along the stable branch of the mass-radius relation, the pair of the maximum 'stable' value of compactness, umax, and the corresponding central value of the 'local' adiabatic index, (Γ1)0, turns out to be inconsistent with that of the pair of absolute values: u max,abs and (Γ1) 0,max,abs , compatible with the structure of general relativity, dynamical stability and the condition, (dP/dE)0 ≤ v 2 0 = a. The reason behind this inconsistency lies in the fact that the 'compatibility criterion' (Negi & Durgapal 2001) can not be fulfilled by any of the sequence, composed of regular configurations corresponding to a single EOS with finite (non-zero) values of surface and central density (Negi 2004a; like -the EOS (equation 5) of self-bound strange quark matter. Since this form (equation 5) turns out to be independent of the strange quark matter model (Haensel et al 2006) , the conclusions of this study regarding the dynamical stability and hydrostatic equilibrium will remain valid for any model of strange quark matter. Following the present study, the values u max,abs and (Γ1) 0,max,abs , however, may be obtained for any set of the parameters a and Es.
The present study does not exclude the construction of a two-density (core-envelope) SQM model. One can always construct such a model corresponding to a core defined by a SQM EOS and an envelope (significantly thick crust) defined by some other suitable EOS so that the necessary and sufficient condition for dynamical stability could be satisfied for the resulting sequence. The satisfaction of the last condition would autometically guarantee the 'appropriate' fulfillment of the 'compatibility criterion' (see, e.g. Negi 2008 ). However, if the core of such a two-density model is described by any of the SQM model considered in the present study, the upper bound on the compactness of stable configuration can not exceed the values shown in Table 1 , which are significantly less than those of the values shown in Tables 3 -7 for the pure SQM models.
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The author gratefully acknowledges the Aryabhatta Research Institute of Observational Sciences (ARIES), Nainital for providing library and computer-centre facilities. Table 3 . Mass (M ), size (R), compactness ratio (u ≡ M/R) and the central value of the 'local' adiabatic index (Γ 1 ) 0 of the configuration for various values of the ratio of central pressure to central energy-density (P 0 /E 0 ) as obtained by substituting the well defined values of the parameter a = (1/3) and the surface density Es = 4.2785 × 10 14 g cm −3 (so called the SQM0 model) in the EOS, P = a(E − Es). It is seen that for each assigned value of P 0 /E 0 , the inequality, u ≤ u h (where u h represents the corresponding value of the compactness ratio for the homogeneous density distribution shown in column 2) always remains unsatisfied. The values in italics correspond to the limiting case upto which the configuration remains pulsationally 'stable'. Also, the M − R relation does not provide the necessary and sufficient condition for dynamical stability, as the sequence does not satisfy the inequalities, namely umax ≤ 0.2356 and (Γ 1 ) 0 ≤ 1.7766 simultaneously at the maximum value of mass. Table 4 . Mass (M ), size (R), compactness ratio (u ≡ M/R) and the central value of the 'local' adiabatic index (Γ 1 ) 0 of the configuration for various values of the ratio of central pressure to central energy-density (P 0 /E 0 ) as obtained by substituting the well defined values of the parameter a = 0.301 and the surface density Es = 4.5 × 10 14 g cm −3 (so called the SQM1 model) in the EOS, P = a(E − Es). It is seen that for each assigned value of P 0 /E 0 , the inequality, u ≤ u h (where u h represents the corresponding value of the compactness ratio for the homogeneous density distribution shown in column 2) always remains unsatisfied. The values in italics correspond to the limiting case upto which the configuration remains pulsationally 'stable'. Also, the M − R relation does not provide the necessary and sufficient condition for dynamical stability, as the sequence does not satisfy the inequalities, namely umax ≤ 0.2244 and (Γ 1 ) 0 ≤ 1.7346 simultaneously at the maximum value of mass. Table 5 . Mass (M ), size (R), compactness ratio (u ≡ M/R) and the central value of the 'local' adiabatic index (Γ 1 ) 0 of the configuration for various values of the ratio of central pressure to central energy-density (P 0 /E 0 ) as obtained by substituting the well defined values of the parameter a = 0.324 and the surface density Es = 3.056 × 10 14 g cm −3 (so called the SQM2 model) in the EOS, P = a(E − Es). It is seen that for each assigned value of P 0 /E 0 , the inequality, u ≤ u h (where u h represents the corresponding value of the compactness ratio for the homogeneous density distribution shown in column 2) always remains unsatisfied. The values in italics correspond to the limiting case upto which the configuration remains pulsationally 'stable'. Also, the M − R relation does not provide the necessary and sufficient condition for dynamical stability, as the sequence does not satisfy the inequalities, namely umax ≤ 0.2325 and (Γ 1 ) 0 ≤ 1.7645 simultaneously at the maximum value of mass. Table 6 . Mass (M ), size (R), compactness ratio (u ≡ M/R) and the central value of the 'local' adiabatic index (Γ 1 ) 0 of the configuration for various values of the ratio of central pressure to central energy-density (P 0 /E 0 ) as obtained by substituting the well defined values of the parameter a = 0.463 and the surface density Es = 1.153 × 10 15 g cm −3 (so called the SS1 model) in the EOS, P = a(E − Es). It is seen that for each assigned value of P 0 /E 0 , the inequality, u ≤ u h (where u h represents the corresponding value of the compactness ratio for the homogeneous density distribution shown in column 2) always remains unsatisfied. The values in italics correspond to the limiting case upto which the configuration remains pulsationally 'stable'. Also, the M − R relation does not provide the necessary and sufficient condition for dynamical stability, as the sequence does not satisfy the inequalities, namely umax ≤ 0.2707 and (Γ 1 ) 0 ≤ 1.9424 simultaneously at the maximum value of mass. Table 7 . Mass (M ), size (R), compactness ratio (u ≡ M/R) and the central value of the 'local' adiabatic index (Γ 1 ) 0 of the configuration for various values of the ratio of central pressure to central energy-density (P 0 /E 0 ) as obtained by substituting the well defined values of the parameter a = 0.455 and the surface density Es = 1.332 × 10 15 g cm −3 (so called the SS2 model) in the EOS, P = a(E − Es). It is seen that for each assigned value of P 0 /E 0 , the inequality, u ≤ u h (where u h represents the corresponding value of the compactness ratio for the homogeneous density distribution shown in column 2) always remains unsatisfied. The values in italics correspond to the limiting case upto which the configuration remains pulsationally 'stable'. Also, the M − R relation does not provide the necessary and sufficient condition for dynamical stability, as the sequence does not satisfy the inequalities, namely umax ≤ 0.2689 and (Γ 1 ) 0 ≤ 1.9323 simultaneously at the maximum value of mass. 
